The pressure distribution and the location of the points of maximum pressure, usually below the ischial tuberosities, was measured for subjects sitting on a flat, hard and horizontal support, and varying angle of the rotation of the pelvis. The pressure data were analyzed for force-and pressure-related quantities. Multiple regression was applied to explore relationships between these quantities and (i) a set of body characteristics, and (ii) the pelvis rotation. The maximum pressure and the pressure gradient were mainly explained by the ectomorphic index, and the distance between the maximum pressure points by gender and the angle of rotation of the pelvis.
Introduction
Design of sitting supports is often confronted with problems that relate to areas of high pressure and high pressure gradient. When such problems crop up discomfort is experienced, but the consequences can be more severe such as a reduction of concentration or even pressure sores. The approach to solving such problems is usually to apply an iterative series of adjustments on the shape of the support, possibly confirmed by measurements of the maximum pressure values. This paper reports the research on the pressure distribution for people sitting on a flat surface.
Since the shape of a seat is an important determinant for the experienced comfort designing the shape should be guided by ergonomics guidelines. In practice such guidelines are based on (i) physiological criteria, (ii) criteria from psycho-physical research (user assessment of comfort), and (iii) criteria that relate to the pressure distribution in the interface.
Since the force, that is exerted by the support, is transmitted via the contact area a pressure distribution exists, that induces a hydrostatic pressure distribution, an internal pressure gradient, and a shear stress distribution inside the body tissues. These effects contribute to several possible consequences by collapsing blood capillaries and lymph vessels, drainage of interstitial fluid, and a reduced functioning of nerve fibres (Romanus, 1976; Miller and Seale, 1985; Reddy et al., 1981a; Lundborg et al., 1983; Krouskop, 1983) , possibly leading to medical complications. It is a generally adopted view that particularly the gradient of the hydrostatic pressure is a main indicator of decubitus.
Usually, although depending on the body posture, two areas of relatively high pressure exist below the seat bones (ischial tuberosities). In these regions the hydrostatic pressure and the shear stress are relatively high, so that blood capillaries, lymph vessels and nerve fibres are compressed, and interstitial fluid is drained to regions with lower pressure (Chow and Odell, 1978; Oomens et al., 1987; Levine et al., 1990; Staarink, 1995) . The effect of externally exerted pressure on the interstitial fuid flow has been reported by Reddy et al. (1981b) and Reddy et al. (1981a) . Krouskop (1983) discussed the effect of such drainage, leading to 'dried out' tissue, and cel and capillary damage. Inhibited blood flow may lead to a lack of oxygen supply, tissue starvation (necrosis) and pressure sores (decubitus) (Kosiak, 1961) . If nerve fibres are under compressive load their ability to transport information may decrease (Rydevik and Nordborg, 1980; Dahlin et al., 1986 ).
The solution is to modify the shape of the seat by creating a hard surface of the right shape (Neff and Fischer, 1987; Brienza et al., 1996; Brienza and Karg, 1998) , or by individually adapted reshaping (e.g., by using a cushion). Both methods are usually applied by trial and error, guided by the designer's knowledge and experience. The interface pressure can be used to control the shape modification (Souther et al., 1974; Mayo-Smith and Cochran, 1981; Brienza et al., 1996) . Recently Brienza and Karg (1998) used an optimization algorithm for the shape of the seat using the stiffness distribution of the body tissues. They applied it for individual subjects and confirmed the improvement by pressure distribution measurements on foam supports that were manufactured for each subject.
The aim of the research is (i) to obtain the pressure distribution patterns of subjects seated on a flat, horizontal surface, (ii) to express the pressure distribution by a set of parameters that allow for a simple, physical interpretation, (iii) to statistically explain these parameters by a set of body characteristics, and (iv) to develop a predictive model of the pressure distribution. This paper presents an overview of the literature about the seat pressure (section 1), the measurement setup to measure the pressure distribution, the body characteristics that are expected to correlate with the parameters of the pressure distribution (section 2), the mathematical models to analyse and parametrize the data (appendix), the measurement results and the analysis of the data (section 3), and a discussion of the results (section 4).
When numerical results are given as xx(yy), then xx is the average and yy the sample standard deviation.
Literature review
Measurements of the sitting pressure distribution have been reported for various context, measurement devices, subjects, and research objectives. When the results of the different investigations are compared, it should be kept in mind that the applied measurement technique, device, and its underlying physical principles must be considered before drawing conclusions. Every measurement setup has its own emphasis, measurement procedure, circumstances and boundary conditions. Only limited quantitative research was found on relationships between posture, body characteristics and pressure distribution. We intuitively assumed that the amount of subcutaneous fat and the muscle tissue below the ischial tuberosities reduce the maximum pressure by spreading the exerted force over a larger area. This is in concordance with the fact that typically ectomorphic people are more prone to painful sitting on a hard and flat chair than other people (Garber and Krouskop, 1982; Kernozek et al., 2000) . The posture and the number of supporting surfaces have a significant influence on the pressure distribution parameters. For instance, bending the upper body backward or forward reduces or increases the foot supporting force, and using arm rests or a back rest reduces the force that is transmitted by the seat (sitting force), which can be proved using a simple biomechanical free body diagram. Zacharkow (1988) , Minami et al. (1977) , Helbig (1978) and Daniel and Faibisoff (1982) argued that in standing posture the ischial tuberosities are covered by muscular tissue, but that in upright sitting posture, when the hip is flexed, these muscular structures are shifted laterally so that only subcutaneous adipose tissue exists between the ischial tuberosity and the skin. In reclined sitting posture the body weight is transmitted to the seat mainly via the gluteal muscles, in upright posture via the ischial tuberosities, and in forward bended posture via the hamstring muscles.
Descriptors of pressure distribution
The average pressure is defined as the ratio of the sitting force, and the size of the contact area. Low average pressures give a larger design space to redistribute a high pressure over regions of lower pressure, while for a high average pressures it is more difficult. Bader and Hawken (1986) and Maltais et al. (1999) found average pressure values from 6 to 10 kPa, but no relationship with posture, constitution or support characteristics was given. Aissaoui et al. (2001) found that the sitting force has a range of 240 to 410 N, while the average size of the contact area was 770 cm 2 . Since the correspondence between the data of the sitting force and the contact area was missing, no conclusion can be drawn about the average pressure.
Obtaining maximum pressure values is complicated since the measuring elements have a finite size for pressure integration, and between the borders of neighbouring elements a gap exists. This has been neglected in most reports, that assume the maximum pressure equal to the maximum measured pressure. Reported values show a variation from 5 kPa to 248 kPa (Houle, 1969; Garber et al., 1978; Minns et al., 1984; Bader and Hawken, 1986; Henderson et al., 1994; Maltais et al., 1999; Aissaoui et al., 2001; Brienza and Karg, 1998; Brienza et al., 1996; Hobson, 1988; Riley and Bader, 1988) . Highest values were found for disabled subjects sitting on a flat, hard support (Minns et al., 1984) . Lowest values were found for healthy subjects, sitting on a curved support and using a backrest (Riley and Bader, 1988) . Applying a 10 • reclined posture reduces the maximum pressure and the pressure gradient by 25% (Hobson, 1988) . Henderson et al. (1994) found that a 35 • and a 65 • backward tilt of a wheelchair reduced the maximum pressure by 27% and 47%. The highest maximum pressure reduction, 78%, happened when the subject bended forward. Stumbaum (1983) related the sitting force, the size of the contact area and the maximum pressure to weight, cushion and gender for healthy volunteers. Men showed a larger maximum pressure than women (difference 10 kPa), which can be explained by a larger average contact area for women (difference 50 cm 2 ). The maximum pressure has a negative correlation with body mass (r = −0.37 for men and 0.47 for women). Brienza and Karg (1998) found a negative correlation (−0.58 < r 2 < −0.31) between the maximum pressure and the body mass index (BMI = mass/stature 2 ). The relationship between the maximum pressure and the type of body build (thin, average and obese) was investigated by Garber and Krouskop (1982) for disabled subjects. They found that the frequency of the occurrence of the maximum pressure below a bony area was 53%, 35% and 27% from thin to obese. Gross et al. (1994) mentioned the relevance of the pressure gradient for seat comfort. Maltais et al. (1999) , Karg (1998), Hobson (1988) and Bader and Hawken (1986) found a range of 0.23 kPa/m to 6 kPa/m (higher values for the disabled). The pressure gradient was computed by linear interpolation, without considering the location. Akerblom (1948) found that the distance between the midpoints of the ischial tuberosities has a range of 9 to 15 cm, where women show a larger distance than men. Other authors report a smaller range (Diffrient et al., 1981; Kira, 1976) . Since the ischial bones converge towards the pubis, the distance of the high pressure areas should depend on a forward/backward rotation of the pelvis. However, Stumbaum (1983) found no significant dependency of the distance between the high pressure points on gender or on rotation of the backrest (not the pelvis); for upright sitting this distance was 121(14) mm.
Methods and materials
A cartesian coordinate system was used. The x-axis runs in lateral direction from right to left, the y-axis in backward sagittal direction and the z-axis in cranial (upward) direction.
The origin is on the seat surface, in the mid-sagittal plane at the front edge of the support. The mirror box The measurement of the size of the contact area, as well as a second estimate of the location of the points of maximum pressure was done with the mirror box, a modified type of a paedobarograph, (Chodera and Lord, 1978; Treaster, 1987) . It contains a 40×40 cm glass plate of 1 cm thickness, figure 2a. The sides of the glass plate are polished. Measuring procedure The subjects wore a loosely fitting seamless legging over the bare skin. The following body characteristics were measured: the amount of subcutaneous fat (Durnin and Womersley, 1974) , the somato type (endomorphic, mesomorphic and ectomorphic rating) (Carter and Heath, 1990) , stature, body mass, the distance between the SIASes, the distance between the SIPSes 1 and the thigh depth at the level of the buttock fold. Before the actual measurements took place, the subjects practised upright sitting and rotating the pelvis while keeping the body upright. The upright posture was not controlled by measurement. It turned out that keeping the upright posture was not difficult; correction by the research team was not needed.
The measurements were done in two sequences, the first on the mirror box, the second The reproducibility of the reference posture was defined as the standard deviation of the average reference posture. For each subject four measurement series were done: two series on the mirror box and two on the pressure distribution measuring device. On both devices one measurement series was done while the subject wore a loosely fitting legging, and one series with their own underwear. During each series the reference posture was taken three times, so that the four series resulted in twelve measurements for the reference posture.
The mathematical models to compute of the location of the maximum pressure points, 
Results
This section gives the characteristics of the subjects, the pelvis rotation and related aspects, the location of the points of maximum pressure and the pressure distribution related quantities. The representation of the numerical results is the same as in the literature section:
xx(yy) means that xx is the average and yy the sample standard deviation. The derivative of the quantity x to the pelvic angle, α p , is given by β αp x = ∂x/∂α p . When gender is applied, zero (0) means female, and one 1) means male.
Subjects Eleven male and nine female subjects participated. The body characteristics are given in table 1. The high value of the skewness for age is caused by one subject being much older then the others. The figure at the right gives the distribution of the somato type of the subjects. The coordinates of the markers in this somatographical space were computed according to Carter and Heath (1990) . The somatotypical characterizations vary between 1 and 8 (begin-and endpoints of the arrows). The pelvis depth, ss avg , was the sagittal distance between the midpoint of the SIASes and the SIPSes. The average and the standard deviation of the maximum backward (α p < 0) and the maximum forward (α p > 0) rotation are not significantly different. Moreover, a significant relationship was not found, so that the ability to rotate forward does not predict the ability to rotate backward.
The reproducibility of the maximum rotation of the pelvis was derived from the comparison of maximum pelvis angle rotation on the mirror box device and the pressure distribution measurement device. In both measurement series the subjects received the same instructions. The coefficient of correlation is 0.97, and the coefficient of regression 0.96.
Sagittal location
The and the third and the fourth a monotonously decreasing (n = 2), respectively increasing (n = 7) function. Apparently the movement of the seating bones over the inner aspect of the skin consists of an unpredictable combination of rolling and sliding (see appendix).
Distance of the points of maximum pressure Table 2 
Contact area
The results for the size (A 0 ) and the shape of the contact area are given in In the reference posture the overall (all subjects) average pressure isp = 7.3 kPa (which exceeds the limit for decubitus,p = 7 kPa, defined by Hobson (1988)). F s is correlated with body mass. Since for men F G is higher than for women, the same is valid for F s . The larger size of the contact area for women and the smaller sitting force do account for the lower average pressure for women. It depends significantly on gender, with regression coefficient 2.1 kPa, which expresses that the average pressure shows a systematic difference for men and women. For women it is lower as a result of increased size of the contact area.
The average pressure increases with forward rotation, β αp p > 0, despite the decrease of F s . Apparently the decrease of A 0 compensates for the decrease of F s . It is mainly correlated with the endomorphic index. Thus, for highly endomorphic persons the average pressure increases more rapidly with forward rotation of the pelvis. Tables 7 and 8 Theoretically, at a maximum pressure point (r = 0) the pressure gradient G ′ = 0.
Pressure distribution descriptors
For increasing distance, r, the gradient first increases until a maximum, then decreases. is not located at the point of maximum pressure, but in a region around this point. Since a computed point of maximum pressure does probably not coincide with the centre of a measuring element, in practice G ′ (r = 0) = 0. Figure 10 shows the circular pressure gradient for one of the subjects (computed with eq. 2, appendix).
The circular gradient in the reference posture is G C = 3.14(1.33) kPa/m. Multiple regression yields only ectomorphy and stature as explaining variables. Since the circular gradient is a single, overall measure for the pressure gradient, not showing directional dependency, the lateral and the medial components of the transverse gradient have been Table 9 gives an overview of the main predicting variables for the investigated parameters of the pressure distribution.
Overview of the predicting variables

Discussion
Generalisation Since our subjects were healthy students of a limited range of age, a generalization of the results, such as the application to children or the elderly, needs additional measurements.
Maximum pressure and pressure gradient
The maximum pressure, that was found for the reference posture, is 170(19) kPa. Results from reported research using a comparable measurement setup, flat/basic supported sitting, showed lower values (Houle, 1969 ), or comparable values (Minns et al., 1984 . The reasons are not difficult to understand. Firstly, in our research the subjects took the upright posture, and stretched their back. Secondly they were requested to rotate the pelvis until they experienced the maximum load under the seating bones. In this respect the results compare to the results of Minns et al. (1984) . Stumbaum (1983) and Brienza and Karg (1998) measured on flat surfaces, but since they used a backrest, they found lower maximum pressure values, 40-180 kPa.
The same reasoning can be done for the pressure gradient. In this research the circular gradient and the transverse gradient were 3.1(1.27) 10 3 kPa/m and 6.9(4.2) 10 3 kPa/m. The lower values found by Hobson (1988) and Brienza and Karg (1998) can be attributed to using a soft surface (cushion) and to reshaping the surface. Although Bader and Hawken (1986) used cushions and multiple support, their results are in the same order as those in this paper. The reasons for this are not clear.
The influence of body characteristics on the maximum pressure are contrary to the results of Garber and Krouskop (1982) , who found a significant influence of the body type (thin, average, obese) on the location of the maximum pressure (bony region or soft tissue region), but the value of the maximum pressure was only weakly influenced by body type.
We found a significant influence of somatotype on the maximum pressure, and a significant, but smaller contribution of the body anthropometry (stature) on the pressure gradient. A change of the maximum pressure as a result of a rotation of the pelvis was found to be maximal for high ectomorphy. This means that a reduction of the maximum pressure by rotating the pelvis is most effective for a typically ectomorph person. This could mean that the transmission of the sitting force is taken over by the hamstring muscles or the gluteal muscles at smaller deviations from the reference posture than for low ectomorphic index (more adipose tissue).
Contact area
The size of the contact area, 702 cm 2 with standard deviation 104 cm 2 , is of the same order of magnitude as found by Aissaoui et al. (2001) . It depends mainly on %fat mainly, and the distance between the SIPSes has a small, but significant contribution.
This means that females tend to have a larger contact area than males. The same is valid for a change of the contact area if the pelvis is rotated; for ectomorph people the contact area changes less quickly than people having more subcutaneous fat.
Average pressure The average pressure in the reference posture, 7.3 kPa and standard deviation 1.5 kPa, is in the same order as found by Bader and Hawken (1986) , despite the fact that they used a cushion as well as multiple support. Possibly the contact area was smaller in that research. The main explaining quantity is gender: for males the average pressure exceeds that of females by about 2.1 kPa. This tendency can be explained easily since (i) the contact area of males is smaller (less %fat) and (ii) their body weight is larger, see table 4. However, the dependency of the average pressure on a rotation of the pelvis has a positive correlation with the endomorphic index, see table 6. This means that typically 'thin' people show less variation of the average pressure for a rotation of the pelvis than less thin people.
Sitting force
The sitting force is slightly higher than the force found by Aissaoui et al. (2001) . A larger difference was expected, since using a backrest induces easily a decrease of one third of the sitting force (Souther et al., 1974) . Since in our research only the pelvis was rotated and not the upper body the centre of mass shows no substantial variation. Therefore it is not surprising that the sitting force depends only on the body mass and not on the rotation of the pelvis. The force reduction resulting from a rotation of the trunk, and thus from a shift of the centre of mass, can easily be explained with a simple biomechanical model, and was confirmed experimentally by Henderson et al. (1994) .
Distance between maximum pressure points The distance between the maximum pressure points was derived from the locations of these points. Locating the maximum pressure points using the mirror box device can be improved by using an enhanced white rubber foil resulting in better sensitivity in the brightest regions. The computation using the contourline method was done using a specific set of contour parameters (appendix), including among other things a degree of smoothing. In this research a reasonable setup was selected. It is not expected that further optimization of these parameters will give significant improvement. The correlation between the contourline data and the mirror box data is sufficiently strong to accept the current level of accuracy, compare with table 2.
The distance between the points of maximum pressure, 12.3 cm, and standard deviation 1.5 cm, agrees with the results of Stumbaum (1983) . Smaller distances were found by Houle (1969), but in that report the measurement setup to obtain this measure was not described, and by van Engelen (1988) , who measured the distance between the deepest impressions on bicycle saddles. In practice this distance is defined variously, depending on the context (gynaecology, forensic determination of gender, sitting comfort, etc) so that a comparison is not always straightforward. For instance, the distance between the inner aspects of the ischial tuberosities (the transverse diameter of the inferior aperture of the pelvis also called the bituberous diameter) is about 85 mm for males and 118 mm for females (Williams et al., 1989) . The change of the distance for a 10 • forward rotation of the pelvis was found −4 mm to −5 mm.
The movement of the points of maximum pressure was investigated for quasi-static lateral pelvis rotation. If different ways of sitting are investigated, consideration of dynamics and types of motion must be included. For instance, on a bicycle saddle the points of maximum pressure show a circular motion in lateral direction (Moes, unpublished data).
Rotation of the pelvis
The helical axis (see appendix) for the current type of rotation and translation, is located above the sitting plane. It shows a large uncertainty, mainly as a result of the varying amount of sliding of the ischii over the inner aspect of the skin. In the measurement setup of Stumbaum (1983) it was located below the trunk, but in that research only a rotation of the backrest was considered, while no attention was payed to a rotation of the pelvis. Moreover, in that research this location was considered important to prevent sliding forces along the back during rotation of the back rest (Hemdauszieheffekt). In his thesis he did not consider the possibility of the seating bones sliding over the inner aspect of the skin.
Differences within subjects and among subjects for the maximum backward and forward rotation depend not only on physiological and anatomical factors; the stiffness characteristics of the spine and its ligaments are possible additional contributors to such asymmetry.
Model ischial tuberosities
The radius of the model for the ischial tuberosities could not be computed since the ischial tuberosities showed an unpredictable sliding behaviour over the inner aspect of the skin. The exact reasons for the varying sliding behaviour can only be guessed. For sure, varying muscle and ligament characteristics, such as stiffness, trainedness and muscular pretension could play a significant role, but other factors, e.g. psychophysiological, should be considered in addition.
Conclusions
The pressure distribution has been described by the maximum pressure, the pressure gradient, the average pressure, and the location of the points of maximum pressure for subjects sitting on a flat, hard and horizontal support. The variation of the posture was defined by a rotation of the pelvis. Using multiple regression techniques the relationships between these quantities and (i) a set of body characteristics, and (ii) the pelvis rotation were computed.
Taking into consideration the boundary conditions of the research it can be concluded that the pressure distribution for a specific angle of lateral rotation of the pelvis can be predicted by ectomorphic index, mass, gender, %fat and stature. It was shown that the maximum pressure depends on the angle of pelvis rotation. This influence is stronger for increasing ectomorphy.
The radius of the curvature of the ischium model (eq. 1, appendix) can not be derived from the measurements of the location of the maximum pressure points, because the ischial tuberosities show an unpredictable sliding over the inner aspect of the skin while the subject rotates the pelvis. Therefore the angle between the ischial tuberosities and the curvature can not separately be determined from these data.
The distance between the points of maximum pressure is predicted by gender, stature, and the angle of the pelvis rotation. For each 10 • of rotation, the distance is changed by about 4 mm. As was expected it decreases for forward rotation and increases for backward rotation. The front depth can not be predicted since it is still unknown what conditions cause sliding or rolling of the ischial tuberosity over the inner aspect of the skin. The values of the distance between the ischial tuberosities are not consistent with those found in literature since the measurement setup was different.
The maximum forward or backward rotation of the pelvis showed no relationship with gender or other body characteristics. metric centre of the highest pressure contourline (left and right) of the pressure distribution was considered the 'point' of maximum pressure, see figure 3.
Sagittal location
The sagittal location, y f , of the points of maximum pressure is the distance to the front edge of the 'seat'. It is computed as the average of the left and the right locations: y f = 0.5(y f l + y fr ). The value of y f depends on the distance between the front edge and the backboard, but only its variation was used to obtain the relationship with the angle of the pelvis rotation:
Distance between the points of maximum pressure The assumption was made that the location of the points of maximum pressure has a direct relationship with the lower aspects of the ischial tuberosities. Since the ischial tuberosities have an elongated shape and converge in the sagittal direction the distance between the points of maximum pressure depends on the angle of the pelvis rotation. If we know the curvature of the ischial tuberosities and the angle between the bones, this distance can be computed as a function of the rotation of the pelvis. Therefore the lower part of the shape of the ischial tuberosities was modelled as a section of a circular disk with radius r, see figure 11. Since the ischial tuberosities converge in forward direction T decreases with forward rotation. The angle between the left and the right section is γ. Points A and B are the lower aspects of the right and left discs. If the discs roll over an angle ∆α p their lower aspects move from A to A ′ and from B to B ′ so that ∆s = r × ∆α p . Then:
so that β αp T is indeed negative.
During rotation of the pelvis the ischial tuberosities move with respect to the inner side of the skin. This movement can be rolling, sliding, or a combination of rolling and sliding. In case of only rolling the point of contact moves according to eq. 1 so that γ can be derived from the trajectories of the maximum pressure points. If ∆T and ∆α p are known from measurements, the radius r follows from eq. 1. But if also sliding occurs, only the product r sin(γ/2) can be determined.
Model of ischial tuberosities
Whether sliding occurs depends on muscular activation involved in the movement. Such activation is not only determined by specific anatomical and biomechanical characteristics, but also by individual motorial habits. Moreover, the coefficient of friction between the ischial tuberosities and the inner surface of the skin is unknown. The occurrence of sliding is indicated by the sagittal displacement of the points of maximum pressure during rotation of the pelvis. If only rolling is involved the function y f (α p ) is monotonously decreasing.
The reverse is not necessarily true; a monotonously decreasing relationship is no proof for the absence of sliding. The actual relationship depends on the relative amounts of rolling and sliding. to the inner surface of the skin can be completely attributed to rolling without sliding, the helical axis of rotation is located at the interface between the ischial tuberosities and the inner surface of the supporting skin. But if also sliding occurs, the helical axis is at a different height (z).
Helical axis of rotation
Range of pelvis rotation Since T depends on α p , the maximum forward and the maximum backward rotation determine the range of T . These values are determined by specific anatomical entities, such as such as the flexibility of the lower spine and the stiffness and pretension of the involved muscle groups.
Pressure distribution data and image analysis
The raw pressure data were converted to the actual pressure values (Moes, 1999) . From these data the maximum pressure p m and the circular gradient were computed. The transverse gradient and the positions of the maximum pressure point were computed from the contourline plots (GPCP, G(eneral) P(urpose) C(ontourline) P(ackage), implemented on a Convex main frame) (Batten and Walters, 1971) . The main control variables were (i) grid interval=0.5, (ii) eight cells are used to compute the basic grid for the contour lines, (iii) eight cells are used to compute the 'interim gradient', (iv) refinement for smoothing is 2. The actual algorithms are described in the manual (Batten and Walters, 1971) . The ischial tuberosity area for sitting on a foam cushion was, according to Aissaoui et al. (2001) , a more or less circular area of about 71 cm 2 , or a diameter of 9.5 cm. For sitting on a flat and hard surface this area is reduced. In this research we selected an area of 5×5 elements, which represents a square region of 6×6 cm.
As a matter of fact a detailed description of the pressure gradient as a function of (x, y)
in the region of interest gives the highest amount of information, but such is not practical.
Therefore it was decided to apply data reduction so that the gradient distribution can be represented by one typical figure The circular gradient was computed for an area of 5×5 elements with the element of maximum pressure in the centre. First the gradient is computed for each of the contributing cells by fitting (least squares) a flat plane to an array of 3×3 elements with the current element in the center. Assuming the resulting normal vector n = (x n , y n , z n ), then the slope of this plane with a horizontal plane equals arctan z n / x 2 n + y 2 n . This slope corresponds to the circular gradient of element (i, j).
To compute the average gradient G ′ (r i ) along a circle with the main element in the centre, circles were drawn with the element of maximum pressure at the centre and the radius equal to the distance to the measuring cells, see figure 14 . Thus five radii were obtained. The smallest radius equals the heart-to-heart distance of two neighbouring ele- where n j is the number of elements of a specific circle. The final circular pressure gradient is defined as the average of these five circular gradients:
The transverse gradient was obtained from the contourline plots of the pressure distribution at the lateral and the medial aspects of the maximum pressure areas, see figure 3.
For each of the two pressure areas a line was drawn through the two maximum pressure points. Then the intersection points with the 10 kPa contourlines were determined, lateral and medial to the maximum pressure points. Finally the distance between the medial and lateral intersection points, ∆s m,right , ∆s l,right , ∆s m,lef t and ∆s l,lef t , was determined, see figure 3. The corresponding transverse pressure gradients, which were computed as ∆p/∆s are called G T l,right , G T m,right , G T m,lef t and G T l,lef t . The average lateral and medial gradients and the total average transverse gradient are computed as:
